We study the LHC sensitivity to a W produced via bottom and charm quarks and decaying to τ flavor leptons in the mass range 200-1000 GeV. We show that the extra b quarks necessitated by the production mechanism can improve the background rejection compared to an inclusive analysis relying solely on τ -tagging and E miss T . We present prospective limits on the couplings and compare them to the best fit to the R(D ( * ) ) anomalies in B meson decays.
Recently, the BaBar [1, 2], Belle [3-6], and LHCb [7] collaborations have measured the semi-leptonic decays of B-mesons to D and D * and found a sizable discrepancy from the standard model (SM) value. More specifically, the anomaly is manifest in the observables
(1)
where = e, µ. The denominator is averaged over electrons and muons in BaBar and Belle, while for LHCb only muons contribute. The special property of these observables is that, in the SM, the hadronic factors are expected to cancel out which reduces the uncertainty in our prediction. The measurements are found to disagree with the SM predictions at about 4σ [8] .
The descripency suggests lepton flavor universality violation and has prompted many works to explain the anomaly in the context of new physics models . The underlying interaction that accomodates the experimental result arises from the charged current mediated decay b → cτ ν, which is CKM-suppressed in the SM. One simple way to obtain a new physics contribution to this charged current is to use a W gauge boson which couples to the second and third generation fermions [62] . In order to explain the anomaly, the W does not need to couple to the first generation which seemingly makes the model harder to explore at the LHC. In addition, the existence of τ s in the final state also leads to a difficulty in overcoming the SM background at the LHC .
In this paper, we investigate a W which couples only to bottom and charm quarks in the color sector and to τ flavor in the lepton sector. The dominant production channels in this case are gg and gc fusion, both of which lead to an associated b-jets in the final state. The presence of this b-jet in the final state opens up a possibility of mitigating the SM background by performing an exclusive analysis that requires at least one b-jet in the final state along with a hadronic τ and missing energy, potentially improving our efficiency. In addition, the existence of a b-jet would help us deduce the existence of a third generation coupling of W which is crucial for the explanation of the anomaly. To better understand the effectiveness of this technique, we will contrast our use of b-tags with reinterpretations of inclusive W analyses done by ATLAS and CMS in which no such b-jet requirements are made.
In Refs. [72, 73] , the inclusive search of W is done without reference of the production mechanism and therefore without the b-jet mandate. Ref. [20] considers the gc → bτ process at the LHC but only as an effective vertex and by looking for leptonic τ decays rather than hadronic. Their results are not applicable to the mass range we are interested in. In Ref. [9, 70] limits on W are set in the context of a complete model and are therefore highly model dependent. In Ref. [74] , the importance of b-jets in resonance searches is demonstrated but using a Z gauge boson decaying to muons.
We should point out that, regardless of B anomalies, the properties mentioned above are worthy of investigation in their own rights, in addition to serving as an additional jigsaw puzzle piece in the LHC resonance search program [75] .
The rest of this paper is organized as follows: in Section II we present our model and refer to related works in the literature. In III we give a brief presentation of the R(D ( * ) ) anomalies and how they can be accommodated in our model. In IV we describe our setup, in V we explain our search methodology, in VI we present our results, and finally, in VII we conclude.
II. Model and collider phenomenoligy
The interactions connecting the new physics in our model to the SM are described by the following Lagrangian:
where g q and g τ are new physics couplings. Due to the flavor violating nature of these couplings, constructing a UV completion that is consistent with the SM is not straight forward. An examples where such a UV completion has been discussed is Ref. [39] , where the W is assumed to only couple directly to a generation of vectorlike fermions too heavy to observe. The couplings in Eq. (3) are then induced via mixings between the new fermions and SM fermions. In any such UV model, plenty of extra assumptions are made that need to be individually tested against experiment, and one can rarely rule out the entire space of possible models. Therefore, rather than demonstrate the viability of this particular instance of such models, we adopt the pragmatic approach of referring to the aforementioned paper as a proof of principle and focus instead on the collider implications on a minimal construct. The main production channels at the LHC are shown in Fig. 1 . Production via any other initial state is suppressed either by extra couplings or by highly off-shell intermediate states. While a larger order of couplings and number of final states would order the cross section contributions of these diagrams from top to bottom, this is counteracted by the difference in momentum fraction carried by gluons, charm quarks, and bottom quarks. One would naively expects the diagrams with either gluons or charms in the initial state to be dominant. As we will see, the efficiency of the b-tag requirement suggests that this is true to a good extent.
Since we are interested in masses of 200 GeV and above, all the decay products are effectively massless leading to very simple expressions for the branching ratios:
Note: The FeynRules model files, Madgraph process cards, and the Mathematica notebook used for the study are available online [76] for the purposes of reproducibility, utility, and peer review.
III. R(D ( * ) ) anomalies
As mentioned in the introduction, the BaBar, Belle and LHCb collaborations have measured R(D) and R(D * ) to very high precision.Using the results of Refs. [77, 78] (see also [79] ) the theory values are:
while the combined experimental values are [80] :
Following [39] , the observables above are modified as follows:
where m W is the W mass, G F = 1.16 × 10
is the Fermi constant, and V cb = 0.04 is the cb component of the CKM matrix. Taking both new couplings to be positive, the central values of R(D) and R(D * ) require the factor g q g τ /m 2 W to be 0.002 (100 GeV/m W ) 2 and 0.001 (100 GeV/m W ) 2 respectively. In this study we will present our limits in the m W − g q plane for several representative values of g τ
IV. Samples and Simulation
The production of top quark pairs (tt) with associated jets from initial state radiation (ISR), commonly referred to as semi-leptonic tt + jets events, where tt → bW +b W − → bb ± ν qq, represent the dominant source of background (61% of the total background rate). The next source of background, 21%, comes from the production of a W boson with associated ISR jets (W +jets), where a real prompt lepton from the W is produced and missing transverse energy (E miss T ) is obtained from the associated neutrino from the W decay. Production of Drell-Yann (DY) events (Z/γ * ), plus ISR jets, accounts for roughly 11% of the total background. Leptonic decays of the Z/γ * bosons enter in the final event selection when one of the leptons is lost in the reconstruction, becoming missing transverse energy. The remaining contributions come from events with single tops and production of vectors boson pairs (W W, ZZ, W Z), referred to as diboson events, plus ISR jets. The simulated signal and background samples are LO and were produced using MadGraph (v.2.6.0) [81] interfaced with PYTHIA 8 [82] for parton hadronization and DELPHES (v3.3.2) [83] to include particle interactions with a detector (CMS configuration card was used). The model implementation was generated using FeynRules 2.3 [84] [85] [86] For signal events, jet matching and merging was implemented using the MLM algorithm [87] . The matching parameters, xqcut and QCUT were checked to result in a reasonably stable cross section and smooth transition in the differential jet rate distribution between events with N and N + 1 jets, but were not optimized further due to the inherent issues in modeling heavy quark emissions. The xqcut variable defines the minimal distance between partons at the MadGraph level, while the QCUT variable sets the minimum energy spread for a clustered jet in PYTHIA. For the signal production an xqcut of 30 and a QCUT of 60 were used with a 5 jet flavor scheme.
Note that there is a large systematic uncertainty in the jet matching which we do not account for. This uncertainty is larger when the higher multiplicity diagrams (the bottom two diagrams in Fig. 1 ) are dropped even though the matched cross section is unchanged. We do not expect the uncertainty to affect the selection efficiency of the hard jets we require, although the total cross section could in reality be higher or lower by up to 30%. This does modify our absolute projected sensitivity, but the comparison between the exclusive and inclusive reach remains valid.
Another potential source of error are the collinear divergences at high W masses in the second the third di- 
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agrams which may spoil the validity of the perturbative calculation 1 . One way to avoid this is to restrict the p T cut value of the b-jet as prescribed in [88] . Alternatively, we may simulate the events at NLO with proper parton showering to extend the domain of validity of our p T cut. Following the procedure used by [89] we generate model files compatible with NLO calculations using FeynRules 2.3 [90] and produce samples to compare with the LO results. We find that the cross section increases by about 15% for a 200 GeV W and about 7% for 1 TeV at NLO compared to LO, while any alteration to the b-jet p˙T distribution is insignificant. We use the LO results to set our sensitivity keeping in mind that the NLO results would enhance our reach.
V. Analysis
The analysis required at least one hadronic tau, τ h , with p T > 80 GeV and |η τ h |< 2.3 in order to constrain the selected τ h candidates to be within the tracking acceptance region. Events with an additional τ h candidate with p T > 50 GeV and |η τ h |< 2.3 were vetoed, which helped to reduce the diboson and DY+jets contributions. Because of the signal topology, a jet with p T > 20 GeV and |η|< 2.5 identified as a b-quark is selected. To further suppress backgrounds with different multiplicities of other prompt leptons, events with electrons or muons with p T > 15 GeV are not allowed. Since signal events are expected to have large E miss T , on average half of the W mass, a 140 GeV minimum threshold is imposed. Finally, given the expected heavy nature of W the φ angle between the τ h and the E miss T is expected to be large. Therefore, a |∆φ(τ h , E miss T )|> 2.4 is required, which allows to remove over 85% of the remaining background while keeping over 75% of the signal.
By selecting at least one well identified high-p T τ h , a b-jet, and E are deemed negligible. Table I summarises the event selection criteria used for the analysis. Figure 2 shows the transverse mass distribution between the τ h and the E miss T for the backgrounds and three different signal points. The backgrounds and signals are normalised to the corresponding production cross section and 100 fb −1 of luminosity.
VI. Results
In Tables II and III we show the efficiencies of the  kinematical selections based on Table I and significances for 100 fb −1 of luminosity. We find that the significance increases as the mass of W increases from 200 GeV to 400 GeV due to the increase in missing energy in the final state. We also note that the 250-700 GeV mass range can be probed using 100 fb −1 of luminosity at the 5σ level for g q = g τ = 0.1.
In Fig. 3 we show the projected sensitivity of the 13 TeV LHC using our analysis for 30, 300, and 3000 fb 
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pT ( Once g τ drops below about 0.35 we begin loosing the sensitivity of current data due to the small branching ratio to leptons, and the projected bounds completely disappear for the maximum luminosity below about g τ = 0.03. Increasing g τ would, vice versa, improve the reach until the branching ratio to leptons is saturated to be almost 1, beyond which the limits are unaffected but the B-anomaly bands move down to lower values of g q to compensate. We remind the reader that the limits we impose are on the couplings assumed in Eq. (3) which, depending on the full theory, might have an upper bound comparable to our limits and should be read with this in mind.
Also shown are the inclusive limits (without the b-tag) recast from the ATLAS search using 13 TeV of energy and 36.1 fb −1 of data [73] , the CMS search using 13 TeV and 35.9 fb −1 [91] , and the CMS search at 8 TeV with 19.7 fb −1 [72] . The 13 TeV CMS search provides stronger limits than our exclusive analysis for masses larger than about 500 GeV and weaker limits below that. The AT-LAS 13 TeV limits, on the other hand, only starts competing with the exclusive limits at about 700 GeV. Note that the ATLAS limits appear to be significantly weaker than the CMS limits at the same energy and provide similar reach to the CMS limits at 8 TeV.
VII. Conclusion
Recently reported B anomalies by Babar, Belle and LHCb can be explained by invoking new W gauge bosons which couples preferentially to some of the second and third generation fermions. We have studied the LHC current and future reach for a simplified W model that couples only to bottom quarks, charm quarks, and τ -flavor leptons which is reponsibe for an enhanced charged current b → cτ ν that explains the R(D) and R(D * ) excesses. We found that such a W , which does not couple to the first generation fermions, can be produced from gc, gg and cb fusion processes.
This novel production of W can lead to a b-jet along with τ + ν in the final state which allows us to use (i) the existing inclusive analysis and (ii) a new exclusive b + τ h + E miss T final state reported here to search for W at the LHC. Our detailed study of the background and the signal showed that the presence of the b-jet in the exclusive final state is quite effective in reducing the SM background. Further, the appearance of a b-jet in the final state would establish the coupling of the W with the third generation fermions which is crucial for an explanation of the anomaly.
The inclusive analyses from CMS and ATLAS have already constrained the W mass down to 300 GeV and 500 GeV respectively. However, utilizing the cuts developed in our study we showed that the reach can be improved for the mass range 200 − 500 GeV. We showed that the mass range 250 -750 GeV can be probed at ∼ 5σ level even with 100 fb −1 luminosity for g b = 0.1 and g τ = 0.1. Consequently, a large region of parameter space which explains the anomaly can be investigated at the LHC directly due to the presence of the b-jet in the final state. The results of our analysis can be applied to a W model with additional decay channels after applying proper scaling arising from the W branching ratios. We also noticed that the b + τ + ν final state performs better for a W search compared to the recently reported ≥ 2 jet(≥ 1 b) + 2µ final state for a Z search (coupled to the second third generation fermions) due to the existence of missing energy in the former case [74] . 
